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MECHANICAL SUPERCHARGING SYSTEM

INCORPORAITION BY REFERENCE

The disclosure of Japanese Patent Application No. 2017-
088457 filed on Apr. 27, 2017 including the specification,

drawings and abstract 1s incorporated herein by reference 1n
its entirety.

BACKGROUND

1. Technical Field

The present disclosure relates to mechanical supercharg-
ing systems, and more particularly relates to a system
including a mechanical supercharger that compresses intake
air of an internal combustion engine.

2. Description of Related Art

Japanese Patent Application Publication No. 3-141826
discloses a control device of an internal combustion engine
including a mechanical supercharger. The mechanical super-
charger includes a rotary drive shait. The rotary drive shaft
1s connected to a crankshaft of the internal combustion
engine through a continuously variable transmission. The
control device 1s configured to control a gear ratio of the
transmission based on deviation between a target super-
charging pressure and an actual supercharging pressure. For
example, when the actual supercharging pressure i1s lower
than the target supercharging pressure, the control device
changes a target gear ratio of the continuously variable
transmission to be a higher value. When the target gear ratio
1s changed to be a higher value, the speed of the mechanical
supercharger increases. When the speed increases, the actual
supercharging pressure increases. Thus, the actual super-
charging pressure can be made to follow the target super-
charging pressure.

SUMMARY

General vehicle drive systems include a continuously
variable or a stepped transmission that provides connection
between a crankshait and driving wheels (heremnafter also
referred to as “tires”). The continuously variable transmis-
sion does not include any gear stage, so that a speed ratio
between the crankshait and the dniving wheels 1s continu-
ously and automatically changed. The stepped transmission
performs gradual switching of the gear stage. The stepped
transmission includes a stepped automatic transmission as
well as a stepped manual transmission.

In a vehicle drive system including the stepped transmis-
sion for tires, when the gear stage of the stepped transmis-
s10m 1s shifted up, engine speed decreases. This phenomenon
also occurs 1n a system formed by combining the internal
combustion engine including the mechanical supercharger
with the stepped transmission for tires. In such a system,
when the engine speed decreases with the upshift operation
of the gear stage, the speed of the mechanical supercharger
declines. However, the mechanical supercharger 1s a positive
displacement supercharger. The positive displacement
supercharger pumps out a constant volume of air regardless
of the pressure on an air discharge side. Accordingly, even
when the speed of the positive displacement supercharger
declines with the upshiit operation of the gear stage, an
influence exerted upon the actual supercharging pressure 1s
small.
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The mechanical supercharger includes a positive displace-
ment supercharger and a centrifugal supercharger. The cen-
trifugal supercharger pumps out the air, taken from a central
suction port, toward a peripheral protruding port with cen-
trifugal force. The air in the centrifugal supercharger i1s
subjected to outward centrifugal force and inward pressure
(1.e., pressure on the air discharge side). When the outward
centrifugal force 1s relatively large, the air 1s pumped out.
When the mward pressure i1s relatively large, the air 1s
pumped back. That 1s, the speed of the centrifugal super-
charger exerts a large influence on the actual supercharging
pressure.

Therefore, 1n the system formed by combining the inter-
nal combustion engine including the centrifugal super-
charger with the stepped transmission for tires, when the
engine speed decreases with upshift operation of the gear
stage, and thereby the speed of the centrifugal supercharger
declines, the actual supercharging pressure declines. As the
actual supercharging pressure declines, torque generated 1n
the internal combustion engine reduces. Therefore, a difler-
ence 1n vehicle acceleration 1s generated during upshiit
operation, which may give discomiort to a driver.

The present disclosure provides a mechanical supercharg-
ing system formed by combining an internal combustion
engine including a centrifugal supercharger with a stepped
transmission for tires, the system being capable of avoiding
failures generated when engine speed decreases with upshiit
operation of a gear stage.

A mechanical supercharging system according to an
aspect of the present disclosure includes a stepped transmis-
sion, a centrifugal supercharger, a variable speed ratio
device, and a control device. The stepped transmission
connects a crankshait of an internal combustion engine with
driving wheels, and performs at least upshiit operation of a
gear stage. The centrifugal supercharger rotates 1n conjunc-
tion with the crankshaft to compress intake air of the internal
combustion engine, the centrifugal supercharger including a
rotary drive shait connected to the crankshaft. The variable
speed ratio device that changes a speed ratio of the rotary
drive shaft to the crankshaft, the variable speed ratio device
being provided between the crankshait and the rotary drive
shaft. The control device 1s configured to control the speed
rat1o. The control device increases the speed ratio during the
upshift operation more than the speed ratio before start of the
upshift operation.

In the aspect, the control device may increase the speed
ratio during the upshift operation in accordance with a
decrease rate of speed of the crankshaft during the upshait
operation.

In the aspect, the control device may increase the speed
ratio during the upshiit operation such that the speed of the
rotary drive shaft rises to a specified value immediately after
the start of the upshiit operation, the specified value being
higher than a value at the end of the upshiit operation, and
once the speed of the rotary drive shatt reaches the specified
value, the control device may reduce the speed ratio during
the upshiit operation such that the speed of the rotary drive
shaft decreases to the value at the end of the upshiit
operation.

In the aspect, the control device may increase the speed
ratio during the upshiit operation such that the speed of the
rotary drive shait rises to a specified value immediately after
the start of the upshiit operation, the specified value being
higher than a value at the end of the upshift operation, and
once the speed of the rotary drive shait reaches the specified
value, and the supercharging pressure reaches a target super-
charging pressure, the control device may reduce the speed
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ratio during the upshiit operation such that the speed of the
rotary drive shait decreases to the value at the end of the
upshift operation.

In the configuration, the specified value may be an upper
limit of the speed of the rotary drive shaft.

The present aspect can suppress decrease 1n speed of the
centrifugal supercharger even when the engine speed
decreases with upshift operation. Therefore, it 1s possible to
suppress reduction in torque generated in the internal com-
bustion engine.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance of exemplary embodiments of the disclosure will be
described below with reference to the accompanying draw-
ings, i which like numerals denote like elements, and
wherein:

FIG. 1 1s an explanatory view illustrating an example of
system configuration in a first embodiment of the present
disclosure:

FI1G. 2 1llustrates one example of a shiit map for obtaining
an adequate gear stage with vehicle speed and accelerator
operation amount as parameters;

FIG. 3 1s an explanatory view illustrating a problem
relating to upshift operation of the gear stage;

FIG. 4 1s an explanatory view illustrating characteristics
of speed 1ncrease ratio control 1n the first embodiment of the
present disclosure;

FIG. 5§ 1s a model diagram 1llustrating an airtlow rate on
upstream and downstream sides of a surge tank;

FIG. 6 illustrates transition of airflow rate, speed, and
intake pipe mternal pressure 1n the case of performing speed
increase ratio control 1n the first embodiment of the present
disclosure:

FIG. 7 1s an explanatory view illustrating a difference in
speed increase ratio control between the first embodiment
and a second embodiment of the present disclosure; and

FIG. 8 illustrates transition of airtlow rate, speed, and
intake pipe internal pressure 1n the case of performing speed

increase ratio control in the second embodiment of the
present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present disclosure will
be described based on the drawings. Note that elements
identical in each of the drawings are designated by 1dentical
reference signs to omit redundant description. The following,
embodiments are not intended to limit the present disclo-
sure.

First Embodiment

First, a first embodiment of the present disclosure will be
described with reference to FIGS. 1 to 6.
System Configuration of First Embodiment

FIG. 1 1s an explanatory view illustrating an example of
system configuration in the first embodiment of the present
disclosure. The system 1llustrated 1n FIG. 1 1s mounted on a
vehicle. The system includes an internal combustion engine
(heremaiter also referred to as “engine”) 10 as a power
source. The engine 10 1s 1llustrated as an 1n-series 4-cylinder
engine. However, the number of cylinders and the cylinder
arrangement of the engine 10 are not limited thereto. Fach
cylinder of the engine 10 1s connected to an 1intake manifold
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12 that functions as a surge tank. The intake manifold 12 1s
connected to an intake pipe 14.

Attached 1n the vicinity of an inlet of the intake pipe 14
1s an air cleaner 16. Provided downstream of the air cleaner
16 1s a mechanical supercharger (hereinafter also referred to
as “supercharger”) 18. The supercharger 18 1s constituted of
a centrifugal compressor. The supercharger 18 rotates 1n
conjunction with a crankshaft 20 that 1s an output shatt of the
engine 10, and compresses intake air. The supercharger 18
has a rotary drive shaft 22 that 1s mounted with a compressor
pulley 24. The crankshait 20 1s mounted with a crank pulley
26. The compressor pulley 24 and the crank pulley 26 are
connected through a variable speed increase ratio device 28.

The variable speed increase ratio device 28 1s a continu-
ously varniable or stepped transmission that can change a
ratio (hereinafter also referred to as “speed increase ratio Ir”)
of the speed (heremaiter also referred to as “compressor
speed (compressor rotational speed) NC”) of the rotary drive
shaft 22 to the speed (heremnafter also referred to as “engine
speed (engine rotational speed) NE”) of the crankshait 20.
As the speed increase ratio Ir 1s larger with the speed of the
crankshaft 20 being constant, the rotary drive shaft 22
rotates at higher speed, and supercharging capacity provided
by the supercharger 18 1s enhanced more. The variable speed
increase ratio device 28 includes pulleys 30, 32. A belt 34 1s
stretched over the pulley 30 and the compressor pulley 24.
A belt 36 1s stretched over the pulley 32 and the crank pulley
26.

Provided downstream of the supercharger 18 i1s an inter-
cooler 38 that cools compressed intake air. Provided down-
stream o1 the intercooler 38 1s a throttle valve 40. Connected
between the intercooler 38 and the throttle valve 40 1s a
downstream end of a bypass pipe 42. An upstream end of the
bypass pipe 42 1s connected between the air cleaner 16 and
the supercharger 18. The bypass pipe 42 1s provided with a
bypass valve 44. During driving of the supercharger 18, the
bypass valve 44 1s basically controlled to be on a closed side.

The crankshaft 20 1s connected to a transmission 46. The
transmission 46 1s a stepped transmission that transmits
rotational power of the engine 10 to tires (not illustrated).
The transmission 46 1s also an automatic transmission.
However, the transmission 46 may be a manual transmis-
sion. The transmission 46 includes a torque converter 48, a
speed change mechanism unit 50, a hydraulic control circuit
52, and an o1l pump 54. The torque converter 48 1s con-
nected to the crankshaft 20. The speed change mechanism
unit 50 changes the speed of rotational power mnput 1nto the
input shait 56 from the torque converter 48, and outputs the
rotational power to the output shait 38. The hydraulic
control circuit 52 controls speed change operation of the
speed change mechanism unit 50.

The system 1illustrated 1n FIG. 1 includes an ECU 60 as a
control device. The ECU 60 includes a CPU, a RAM, a
ROM, an input interface, an output interface, and a bi-
directional bus. The mput interface of the ECU 60 1is
connected to components such as an accelerator operation
amount sensor 62, a crank angle sensor 64, a supercharging
pressure sensor 66, an air flowmeter 68, and a vehicle speed
sensor 70. The output interface of the ECU 60 1s connected
to components such as a speed increase ratio control circuit
that controls the speed increase ratio Ir, and a hydraulic
control circuit 52.

The accelerator operation amount sensor 62 outputs a
signal corresponding to a stepping-in amount of an accel-
erator pedal (heremnafter also referred to as “accelerator
opening operation amount”). The crank angle sensor 64
outputs a signal corresponding to a rotation angle of the
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crankshait. The supercharging pressure sensor 66 outputs a
signal corresponding to the intake pipe internal pressure
(heremaftter also referred to as “supercharging pressure”) on
the upstream side of the throttle valve 40. The air flowmeter
68 outputs a signal corresponding to the flow rate of air
taken into the engine 10 (hereinafter also referred to as
“intake air amount™). The vehicle speed sensor 70 outputs a
signal corresponding to travel speed of the vehicle (herein-
after also referred to as “vehicle speed”™).

Shift Control of Transmission 46

FI1G. 2 1llustrates one example of a shiit map for obtaining
an adequate gear stage (a gear stage oflering optimum fuel
elliciency) with the vehicle speed and the accelerator opera-
tion amount as parameters. The shift map illustrated 1n FIG.
2 1s divided 1nto a plurality of regions by a plurality of shiit
lines (gear stage switching lines). In FIG. 2, a solid line
represents an upshift line and a dashed line represents a
downshift line. The direction of switching between upshiit
and downshiit 1s illustrated with use of numeric characters
and arrows. For example, the shift map illustrated 1n FI1G. 2
1s stored in the ROM of the ECU 60.

The ECU 60 calculates the vehicle speed based on an
output signal of the vehicle speed sensor 70 (or an output
signal of the crank angle sensor 64). The ECU 60 also
calculates the accelerator operation amount based on an
output signal of the accelerator operation amount sensor 62.
The ECU 60 calculates a target gear stage based on the
calculated vehicle speed and accelerator operation amount
with reference to the shift map of FIG. 2. The ECU 60
compares the calculated target gear stage with a current gear
stage to determine whether or not shift operation 1s neces-
sary. When determining, as a result of determination, that the
shift operation 1s not necessary, the ECU 60 outputs to the
hydraulic control circuit 52 a control signal for maintaining,
the current gear stage.

When determining, as a result of determination, that the
shift operation 1s necessary, the ECU 60 outputs to the
hydraulic control circuit 52 a control signal for changing the
current gear stage. For example, when an operation point
shifts from PA to PB, it crosses an upshift line “2—3".
Consequently, the ECU 60 determines that the shift opera-
tion 1s necessary as a result of comparison between the
current gear stage (second stage) and a target gear stage
(third gear) calculated from the shift map. Accordingly, the
ECU 60 outputs to the hydraulic control circuit 52 a control
signal for performing upshiit (2—3 upshiit) from the second
gear stage to the third gear stage.

Problem Relating to Shift Control of Transmission 46

As described in the foregoing, when the vehicle drive
system including the stepped transmission for tires performs
upshift operation of the gear stage, the engine speed
decreases. FIG. 3 1s an explanatory view illustrating a
problem relating to upshift operation of the gear stage. When
a driver steps on the accelerator pedal to accelerate the
vehicle, the accelerator operation amount increases and the
engine speed rises. With the rise of the engine speed, the
vehicle speed rises. When the operation point crosses an
upshift line (see FIG. 2), upshiit operation of the gear stage
1s performed. For example, the upshiit operation 1s started at
time t, of FIG. 3, and ends at time t,.

The upshiit operation 1s basically performed for a short
time. That 1s, an interval between time t, and time t, 1s
basically short. Accordingly, the vehicle speed and the speed
of tires from time t, to time t, are substantially constant.
Therefore, the engine speed NE 1nevitably declines during a
period from time t, to time t,. For example, the engine speed

NE declines from NE, to NE, (upper row of FIG. 3). In the
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first embodiment, a stepped automatic transmission 1s used
as the stepped transmission for tires. The engine speeds NE
NE, are specified in each gear stage under the constant
vehicle speed.

In the system 1llustrated 1n FIG. 1, the transmission 46 and
the supercharger 18 rotate 1n conjunction with rotation of the
crankshaft 20. Accordingly, when the speed increase ratio Ir
during upshift operation 1s maintained at Ir, (middle row 1n
FIG. 3), the compressor speed NC declines. For example,
the compressor speed NC declines from NC, to NC,, (lower
row 1n FI1G. 3). When the compressor speed NC declines, the
flow rate of air discharged from the supercharger 18 (here-
iafter also referred to as “discharged air amount™) reduces.
As a result, the torque generated in the engine reduces. That
1s, during the upshift operation, the engine speed NE
decreases and so dose engine shait torque. When the engine
shaft torque decreases, a diflerence 1n vehicle acceleration 1s
generated during upshiit operation, which may give discom-
fort to the dniver.

Speed Increase Ratio Control of Variable Speed Increase
Ratio Device 28

Accordingly, control to raise the speed increase ratio Ir
during upshiit operation 1s performed 1n speed increase ratio
control of the first embodiment. FIG. 4 1s an explanatory
view 1llustrating characteristics of the speed increase ratio
control 1n the first embodiment of the present disclosure. As
illustrated in FIG. 4, 1n the speed increase ratio control of the
first embodiment, the speed increase ratio Ir 1s raised 1n
accordance with decrease 1n the engine speed NE during a
period from time t, to time t, when the upshiit operation 1s
performed. A speed increase ratio Ir(t) at time t (provided
that t,<t<t,) 1s defined by Expression (1) with use of engine
speed NE(t) at time t.

Ir(t)=Ir x NE /NE(1) (1)

During the period from time t, to time t,, the engine speed
NE(t) becomes lower than NE,. Accordingly, if the speed
increase ratio Ir(t) 1s controlled based on Expression (1), the
compressor speed NC from time t, to time t, can be main-
tained at NC,. If the compressor speed NC 1s maintained at
NC,, the discharge air amount does not reduce during the
upshift operation. Accordingly, it 1s possible to suppress
decrease 1n the engine shaft torque during the upshiit
operation.

In the first embodiment, the speed increase ratio Ir during
upshift operation 1s controlled with use of Expression (1).
However, a right-hand side of Expression (1) may also be
multiplied by a coeflicient a (provided that a>1). I the
right-hand side of Expression (1) i1s multiplied by the
coellicient ¢, the compressor speed NC from time t; to time
t, can be made higher than NC,. Accordingly, the discharge
air amount does not reduce during upshift operation. There-
fore, as 1n the case of using Expression (1), i1t 1s possible to
suppress decrease 1n the engine shaft torque during upshiit
operation.

The speed increase ratio Ir during upshift operation can
also be controlled without use of Expression (1). Specifi-
cally, the speed 1ncrease ratio Ir may be controlled such that
the compressor speed NC rises, immediately after the start
of upshiit operation, to a specified value higher than the
value at the end of the upshiit operation (i.e., the compressor
speed NC,), and then the compressor speed NC decreases to
the value at the end of the upshiit operation. Even when the
speed 1ncrease ratio Ir 1s controlled 1n this way, the discharge
airr amount does not reduce during the upshift operation.
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Therefore, as i the case of using Expression (1), 1t 1s
possible to suppress reduction in the discharge air amount
during upshiit operation.

In FIG. 4, the speed increase ratio Ir after time t, 1s
maintained at Ir, (=Ir,xNE,/NE,). However, the speed
increase ratio Ir after time t, may also gradually be decreased

from Ir, to Ir,. If the speed increase ratio Ir after time t, 1s
gradually decreased from Ir, to Ir,, excessive increase 1n the

supercharging pressure after time t, can be suppressed.
Here, by deforming Expression (2) that defines the
vehicle acceleration, Expressions (3) to (8) can be derived.

(2)

Vehicle acceleration = propulsive force X constant

(3)
(4)
(3)

= Tire shaft torque X constant
= Engine shaft torque X NE/ Nrire X constant

= Engine shaft output/ NE X NE [/ Ntire X

constant
(6)
(7)
(8)

= Engine shaft output/Ntire X constant
= Intake air amount/ Nrire X constant
= Intake pipe internal pressure X NE/

Ntire X constant

Note that Expression (2) 1s deformed on the premise that at
least conditions (1) to (v1) described below are established
during upshiit operation.

(1) The accelerator operation amount (opening degree of the
throttle valve) 1s constant.

(11) The engine speed NE reduces.

(111) Tire speed Ntire 1s constant.

(1v) Power transmission efliciency from the crankshatt to the
tires 1s constant.

(v) Thermal efliciency 1n the engine 1s constant.

(vi) An air utilization rate in the engine 1s constant.

Expression (7) indicates that the vehicle acceleration
becomes constant when the intake air amount during upshiit
operation 1s steady. Expression (8) indicates that the intake
air amount during upshift operation becomes steady when
the intake pipe internal pressure 1s increased in proportion to
a decreased amount of the engine speed NE. FIG. 5 15 a
model diagram 1llustrating the airflow rate on upstream and
downstream sides of the surge tank (1.e., intake manifold
12). As indicated in FIG. 5, the pressure of air in the surge
tank (1.e., intake pipe internal pressure) 1s dependent on the
airr amount obtained by subtracting the intake air amount
from the discharge air amount (hereinatfter also referred to as
“difference 1n the airflow rate). That 1s, the intake pipe
internal pressure increases or reduces 1 accordance with the
difference in the airtlow rate.

When the engine speed NE decreases with upshiit opera-
tion, the intake air amount reduces. As stated before, when
the speed increase ratio during upshiit operation 1s main-
tained constant, the compressor speed NC decreases, and
thereby the discharge air amount reduces. That 1s, when the
speed 1ncrease ratio during upshift operation 1s maintained
constant, both the intake air amount and the discharge air
amount reduce.

When the speed increase ratio 1s raised as in the speed
increase ratio control of the first embodiment, the discharge
air amount does not reduce during upshitt operation. Rather,
the discharge air amount during upshift operation can be
increased. Accordingly, the difference in the airflow rate
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during upshiit operation can be enlarged. The enlarged
difference 1n the airflow rate increases the intake pipe
internal pressure. When the intake pipe internal pressure 1s
increased, air 1s easily taken into the engine 10. That 1s,
when the intake pipe internal pressure is increased, the
intake air amount easily increases. Thus, the speed increase
ratio control of the first embodiment can suppress decrease
in the engine shait torque during upshiit operation. There-
fore, 1t becomes possible to suppress the difference 1n the
vehicle acceleration during upshiit operation.

The speed 1ncrease ratio control 1n the first embodiment 1s
started concurrently with the decrease in the engine speed
NE. Accordingly, the rotational energy held by the engine 10
immediately before the start of upshiit operation can be used
for rotation of the rotary drive shait 22. Therefore, the
compressor speed NC can efliciently be raised by changing
the speed increase ratio Ir.

The effect achieved by the speed increase ratio control of
the first embodiment will be described 1n detail with refer-
ence to FIG. 6. FIG. 6 illustrates transition of the airtlow rate
(representing the discharge air amount or intake air amount,
which applies to the description of FIGS. 6 and 8), the speed
(representing the engine speed or compressor speed, which
applies to the description of FIGS. 6 and 8), and the intake
pipe internal pressure when the speed increase ratio control
in the first embodiment of the present disclosure i1s per-
formed. Time t,, t, 1llustrated 1n FIG. 6 correspond to time
t,, t, 1llustrated in FIG. 4, respectively.

As 1llustrated 1n the upper row of FIG. 6, the intake air
amount and the discharge air amount are substantially equal
before time t,. Accordingly, there 1s almost no diflerence in
the airflow rate. Theretfore, as 1llustrated 1n the lower row of
FIG. 6, the intake pipe internal pressure 1s generally constant
before time t,.

As 1llustrated by a line (1) in the middle row of FIG. 6, the
engine speed NE decreases during a period from time t, to
time t,. This 1s because the shiit control (upshift operation)
of the transmission 46 1s performed as described before. As
illustrated by a line (1) in the middle row of FIG. 6, the
compressor speed NC rises during the period from time t, to
time t,. This 1s also because the speed increase ratio control
of the first embodiment 1s performed as described before. In
short, the engine speed NE decreases (FIG. 6 (1)), while the
compressor speed NC rises (FIG. 6 (1)) during the period
from time t, to time t,.

When the engine speed NE decreases, the intake air
amount reduces. When the compressor speed NC rises, the
discharge air amount increases. Therefore, as illustrated by
a line (111) 1n the upper row of FIG. 6, the intake air amount
(solid line) decreases for a while after time t,. As illustrated
by a line (1v) 1n the upper row of FIG. 6, the discharge air
amount (dashed line) increases for a while after time t,. In
short, the intake air amount decreases (FIG. 6 (111)), while
the discharge air amount increases (FIG. 6 (1v)) for a while
alter time t,.

When the intake air amount decreases, while the dis-
charge air amount increases, a difference in the airflow rate
1s enlarged. The reason thereof 1s as described 1n FIG. 5. The
enlarged difference 1n the airflow rate increases the intake
pipe mternal pressure. Therefore, as illustrated by a line (v)
in the lower row of FIG. 6, the 1ntake pipe internal pressure
rises after time t,.

When the intake pipe internal pressure rises, the intake air
amount easily increases as described before. Therelfore, as
illustrated by a line (v1) 1n the upper row of FIG. 6, the intake
air amount begins to increase after time t,. However, when
the intake pipe internal pressure rises, 1t becomes hard to
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introduce the air discharged from the supercharger 18 into
the intake manifold 12. That 1s, when the 1intake pipe internal
pressure icreases, 1t becomes hard to increase the discharge
airr amount. Therefore, as illustrated by a line (vi1) in the
upper row of FIG. 6, the discharge air amount begins to
reduce after time t,. At time t., the intake air amount and the
discharge air amount become substantially equal. As a
consequence, the difference in the airtlow rate i1s almost
eliminated. Therefore, as i1llustrated in the lower row of FIG.
6, the intake pipe internal pressure becomes generally con-
stant after time t-.

According to the speed increase ratio control of the first
embodiment described in the foregoing, 1t becomes possible
to suppress decrease in the engine shait torque during
upshift operation. Therelore, 1t becomes possible to suppress
difference 1n the vehicle acceleration during upshift opera-
tion.

In the first embodiment, the transmission 46 1S one
example of “stepped transmission” of the present invention.
The supercharger 18 1s one example of “centrifugal super-
charger” of the present invention. The wvariable speed
increase ratio device 28 1s one example of “variable speed
ratio device” of the present invention. The ECU 60 1s one
example of “control device” of the present mnvention.

Second Embodiment

Now, a second embodiment of the present disclosure will
be described with reference to FIGS. 7 to 8. The second
embodiment 1s premised on the example of system configu-
ration 1llustrated 1n FIG. 1. The shiit control technique of the
transmission 46 1llustrated 1n FIG. 1 1s also as described in
FIG. 2. Therefore, a description of the example of system
configuration and a description of the shift control of the
transmission 46 will be omitted.

Speed Increase Ratio Control of Variable Speed Increase
Ratio Device 28

In the speed increase ratio control 1n the first embodiment,
the speed increase ratio Ir during upshiit operation i1s con-
trolled based on Expression (1). In speed increase ratio
control 1n the second embodiment, the speed increase ratio
Ir 1s controlled such that the compressor speed NC rises to
an upper limit NClim immediately after the start of upshaitt
operation, and the upper limit NClim 1s maintained for a
while. Relation between an engine speed NE(t) immediately
after the start of upshiit and a speed increase ratio Ir(t) 1s
defined by Expression (9) with use of the upper limit NClim.

IH(6)=NC lim/NE(#) (9)

In the speed increase ratio control 1n the second embodi-
ment, the speed increase ratio Ir 1s also controlled such that
once the supercharging pressure reaches a target supercharg-
ing pressure, the compressor speed NC becomes lower than
the upper limit NClim. After the supercharging pressure
reaches the target supercharging pressure, the speed increase
ratio Ir 1s gradually decreased to a speed increase ratio (1.e.,
a speed 1ncrease ratio Ir,) at the end of the upshift operation.

In the second embodiment, the speed increase ratio Ir 1s
controlled with use of Expression (9) for a while immedi-
ately after the start of the upshift operating. However, the
speed 1ncrease ratio Ir may also be controlled such that the
compressor speed NC rises to a specified value higher than
the value (1.e., the compressor speed NC,) at the end of the
upshift operation, and the specified value 1s maintained for
a while. When the speed increase ratio Ir 1s controlled in this
way, the compressor speed NC rises as in the case of using
Expression (9). In the second embodiment, the condition for
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gradually decreasing the speed increase ratio Ir 1s expressed
as “‘the supercharging pressure reaches the target super-
charging pressure.” However, the speed increase ratio Ir may
gradually be decreased when any condition equivalent to the
above condition 1s established. For example, the speed
increase ratio Ir may gradually be decreased after the lapse
of time at which the supercharging pressure i1s estimated to
reach the target supercharging pressure after the start of the
upshift operation.

FIG. 7 1s an explanatory view illustrating a diflerence 1n
the speed increase ratio control between the first embodi-
ment and the second embodiment of the present disclosure.
The upper row of FIG. 7 corresponds to control in the first
embodiment, and the lower row corresponds to control 1n the
second embodiment. The operation lines illustrated by a
solid line or a dashed line 1n FIG. 7 represent relation
between the airtlow rate and the supercharging pressure (1.¢.,
the 1intake pipe internal pressure) for each compressor speed
NC.

As 1s clear from comparison between the upper row and
the lower row of FIG. 7, operation lines (NC,, NC,)
similarly include operation points positioned at the start and
at the end of the upshift operation. However, the speed
increase ratio control of the first embodiment increases the
supercharging pressure, while raising the compressor speed
NC. Accordingly, 1n the speed increase ratio control of the
first embodiment, when the supercharging pressure reaches
the target supercharging pressure, the operation point shifts
to the operation line (NC,). In contrast, the speed increase
ratio control of the second embodiment raises the compres-
sor speed NC to the upper limit NClim immediately after the
start ol upshift operation, and decreases the compressor
speed NC after the supercharging pressure reaches the target
supercharging pressure. Accordingly, 1n the speed increase
ratio control of the second embodiment, the operation point
jumps to another operation line (NClim) 1n the early phase
of the upshiit operation. The operation point moves on the
operation line (NClim) for a while, and then jumps to the
operation line (NC,) 1n the later phase of the upshift opera-
tion.

The effect achieved by the speed increase ratio control of
the second embodiment will be described in detail with
reference to FIG. 8. FIG. 8 illustrates transition of the
airflow rate, the speed, and the intake pipe internal pressure
in the case of performing the speed increase ratio control of
the second embodiment of the present disclosure. Time t,, t,
illustrated 1n FIG. 8 correspond to time t,, t, illustrated 1n
FIG. 4 or FIG. 6, respectively. In the description of FIG. 8,
the contents overlapped with those described 1n FIG. 6 will
properly be omitted.

As 1llustrated by a line (1) in the middle row of FIG. 8, the
engine speed NE decreases during a period from time t, to
time t,. This 1s because the shift control (upshift operation)
of the transmission 46 1s performed as described before. As
illustrated by a line (1) in the middle row of FIG. 8, the
compressor speed NC rapidly rises after time t,. The com-
pressor speed NC then reaches the upper limit NClim at time
t.. This 1s also because the speed increase ratio control of the
second embodiment 1s performed as described before.

When the engine speed NE decreases, the intake air
amount reduces. When the compressor speed NC rapidly
rises, the discharge air amount rapidly increases. Therelore,
as 1llustrated by a line (111) in the upper row of FIG. 8, the
intake air amount (solid line) decreases after time t,. As
illustrated by a line (iv) in the upper row of FIG. 8, the
discharge air amount (dashed line) rapidly increases after
time t,.
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When the intake air amount decreases, while the dis-
charge air amount rapidly increases, a difference 1n the
airtlow rate 1s enlarged 1n a short time. The difference 1n the
airtlow rate enlarged 1n a short time increases the intake pipe
internal pressure 1n a short time. Therefore, as 1llustrated by 5
a line (v) 1n the lower row of FIG. 8, the intake pipe internal
pressure rises after time t, in a short time. The intake pipe
internal pressure then reaches a target supercharging pres-
sure at time t.,.

As 1llustrated by a line (v1) in the middle row of FIG. 8, 10
the compressor speed NC decreases after time t,. This 1s
because the speed increase ratio control of the second
embodiment 1s performed as described before.

When the intake pipe internal pressure rises 1 a short
time, the intake air amount easily increases as described 15
before. Therefore, as 1llustrated by a line (vi1) 1 the upper
row of FIG. 8, the intake air amount begins to increase
immediately after time t,. When the intake pipe internal
pressure rises 1 a short time, 1t becomes hard to introduce
the air discharged from the supercharger 18 into the intake 20
manifold 12 1n a short time. That 1s, when the intake pipe
internal pressure increases 1 a short time, 1t becomes hard
to increase the intake air amount mn a short time. As
illustrated by a line (vi11) in the upper row of FIG. 8, the
discharge air amount begins to reduce immediately after the 25
intake air amount begins to increase. Then, at time tq, the
intake air amount and the discharge air amount become
substantially equal. As a consequence, the difference in the
airflow rate 1s almost eliminated. Therefore, as 1llustrated in
the lower row of FIG. 8, the intake pipe internal pressure 30
becomes generally constant after time ts.

According to the speed increase ratio control of the
second embodiment described in the foregoing, the intake
pipe internal pressure can be raised 1n a short time. Accord-
ingly, 1t 1s possible to shorten the time until the intake air 35
amount and the discharge air amount become substantially
equal after the start of the upshift operation. Therefore, 1t
becomes possible to move up the time (1.e., time t, of FIG.

8), at which the intake air amount and the discharge air
amount are made substantially equal, to a time point before 40
the end time (1.e., time t, of FIG. 8) of the upshiit operation.
When such time relation can be established, 1t becomes
possible to suppress fluctuation of the engine shaft torque
attributed to the difference 1n the airflow rate after the end of
the upshift operation. Therefore, comiortable traveling of 45
the vehicle before and after the upshiit operation becomes
possible.

When the time relation can be established, 1t becomes
possible to move up the end time (1.e., time t, of FIG. 8) of
the upshift operation. That 1s, a period of the upshiit opera- 50
tion (1.e., a period from time t, to time t, of FIG. 8) can be
shortened.

What 1s claimed 1s:

1. A mechanical supercharging system, comprising:

a stepped transmission that connects a crankshaft of an 55
internal combustion engine with driving wheels, and
performs at least upshift operation of a gear stage;

a centrifugal supercharger that rotates 1n conjunction with
the crankshaft to compress intake air of the internal
combustion engine, the centrifugal supercharger 60
including a rotary drive shaft connected to the crank-
shaft;

a variable speed ratio device that changes a speed ratio of
the rotary drive shaft to the crankshait, the variable
speed ratio device being provided between the crank- 65
shaft and the rotary drive shaft; and

a control device configured to control the speed ratio,
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wherein the control device 1s configured to increase the
speed ratio during the upshift operation more than the
speed ratio before start of the upshiit operation, and

wherein the control device i1s further configured to
increase the speed ratio during the upshift operation 1n
accordance with a decrease rate of speed of the crank-
shaft during the upshift operation.

2. A mechanical supercharging system, comprising:

a stepped transmission that connects a crankshait of an
internal combustion engine with driving wheels, and
performs at least upshiit operation of a gear stage;

a centrifugal supercharger that rotates 1n conjunction with
the crankshait to compress intake air of the internal
combustion engine, the centrifugal supercharger
including a rotary drive shait connected to the crank-
shaft;

a variable speed ratio device that changes a speed ratio of
the rotary drive shaft to the crankshait, the variable
speed ratio device being provided between the crank-
shaft and the rotary drive shaft; and

a control device configured to control the speed ratio,

wherein the control device i1s configured to increase the
speed ratio during the upshift operation more than the
speed ratio betfore start of the upshiit operation, and

wherein the control device i1s further configured to
increase the speed ratio during the upshiit operation
such that speed of the rotary drive shaft rises to a
specified value immediately after start of the upshiit
operation, the specified value being higher than a value
at an end of the upshiit operation, and the control
device 1s configured to reduce the speed ratio during the
upshift operation, once the speed of the rotary drive
shaft reaches the specified value, such that the speed of
the rotary drive shait decreases to the value at the end
of the upshiit operation.

3. The mechanical supercharging system according to
claim 2, wherein the specified value 1s an upper limit of the
speed of the rotary drive shatt.

4. A mechanical supercharging system, comprising:

a stepped transmission that connects a crankshaft of an
internal combustion engine with dniving wheels, and
performs at least upshift operation of a gear stage;

a centrifugal supercharger that rotates 1n conjunction with
the crankshait to compress intake air of the internal
combustion engine, the centrifugal supercharger
including a rotary drive shaft connected to the crank-
shaft;

a variable speed ratio device that changes a speed ratio of
the rotary drive shaft to the crankshait, the variable
speed ratio device being provided between the crank-
shaft and the rotary drive shaft; and

a control device configured to control the speed ratio,

wherein the control device 1s configured to increase the
speed ratio during the upshift operation more than the
speed ratio before start of the upshiit operation, and

wherein the control device i1s further configured to
increase the speed ratio during the upshiit operation
such that speed of the rotary drive shait rises to a
specified value immediately after start of the upshaift
operation, the specified value being higher than a value
at an end of the upshiit operation, and the control
device 1s configured to reduce the speed ratio during the
upshift operation, once the speed of the rotary drive
shaft reaches the specified value and a supercharging
pressure reaches a target supercharging pressure, such
that the speed of the rotary drive shaft decreases to the
value at the end of the upshift operation.
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5. The mechanical supercharging system according to
claim 4, wherein the specified value 1s an upper limit of the
speed of the rotary drive shatft.

G e x Gx ex
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